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species	establishment	 in	dry	areas,	spraying	had	a	greater	 impact	 in	continually	 inundated	areas.	For	
treatment	 success	across	elevations	 into	 the	year	 following	 treatments,	 spraying	 in	combination	with	
cutting	and	raking	had	the	greatest	effect.	The	results	of	 this	study	suggest	 that	secondary	treatments	
can	produce	a	short-term	benefit	to	the	plant	community	in	areas	treated	for	Phragmites.









(henceforth	 Phragmites),	 in	 particular,	
alters	the	biotic	and	abiotic	environment	of	
wetlands,	thereby	excluding	native	species	
and	 reducing	 plant	 diversity	 (Stalter	 and	
Baden	1994;	Chambers	et	al.	1999;	Keller	
2000;	Saltonstall	2003;	Minchinton	et	al.	






















North	American	 saltwater	 marshes.	 The	
invasive	 haplotype’s	 tolerance	 of	 fluctu-
ating	 water	 levels	 makes	 it	 particularly	
suited	 to	 wetlands	 experiencing	 tidal	 or	
seiche	fluctuations	(Chambers	et	al.	2003;	
Pagter	 et	 al.	 2005;	 White	 et	 al.	 2007).	
Due	 to	 perceived	 threats	 by	 Phragmites	
to	biological	communities	and	ecosystem	
function,	 control	 measures	 routinely	 are	
taken	 (Marks	 et	 al.	 1994;	 Chambers	 et	
al.	1999).	However,	initial	control	can	be	
unsuccessful	 at	 promoting	 establishment	
of	 native	 species,	 and	 enhancing	 growth	
of	 native	 flora	 often	 requires	 secondary	
treatment	measures.
Control	 techniques	 for	 invasive	 species	












tion	 (Moreira	 et	 al.	 1999;	Ailstock	 et	 al.	
2001;	Warren	et	al.	2001),	especially	 for	
maintaining	 diversity	 (Turner	 and	 War-
ren	 2003).	 Spot-spraying	 of	 glyphosate	
following	aerial	spray,	along	with	cutting	
264 Natural Areas Journal Volume 29 (3), 2009
(Monteiro	et	al.	1999;	Warren	et	al.	2001;	





Removing	 litter	 promotes	 species	 estab-
lishment	and	increases	diversity	(van	der	








Hydrologic	 inundation	 also	 might	 affect	
diversity	 in	 treated	 areas.	 Great	 Lakes	
water	levels	fluctuate	over	time,	and	those	
fluctuations	affect	wetland	plant	communi-
ties	 (Spence	 1982;	 Keddy	 and	 Reznicek	
1986;	 Wilcox	 and	 Meeker	 1991;	 Barry	
et	 al.	 2004,	Wilcox	 and	 Nichols	 2008).	












the	 efficacy	 of	 combinations	 of	 cutting,	
raking,	 and	 additional	 hand	 spraying	 of	
Phragmites	 with	 glyphosate	 as	 second-




also	 tested	 effects	 of	 hydrologic	 inunda-
tion	on	treatment	success.	Little	attention	
has	 been	 given	 to	 secondary	 efforts	 to	
promote	species	establishment	in	areas	that	
have	 undergone	 control	 for	 Phragmites.	
Therefore,	 our	 primary	 objective	 was	 to	
promote	species	establishment	and	enhance	





the	 western	 shore,	 supports	 a	 drowned-










(Kowalski	 and	 Wilcox	 1999;	 Kowalski	







We	 designed	 the	 study	 to	 test	 for	 opti-
mal	 treatment	 combinations	 on	 species	
establishment,	while	allowing	 for	 effects	
of	 time	 and	 hydrologic	 inundation	 to	 be	
ascertained.	We	arranged	 treatment	plots	










cutting	 and	 raking	 (CR);	 (3)	 cutting	 fol-
lowed	by	hand	spraying	(CS);	(4)	cutting	





in	 a	 lower,	 perpetually	 inundated	 topo-
graphic	 zone	and	were	mostly	devoid	of	
Phragmites.	Two	landward	quadrats	were	
in	 an	 upper,	 rarely	 flooded	 topographic	
zone,	 characterized	 by	 dense	 stands	 of	
aerially	sprayed	Phragmites and	drier	soils.	
The	 other	 two	quadrats	were	 equidistant	
from	the	lower	and	upper	quadrats.	As	such,	
they	 were	 in	 the	 zone	 of	 the	 expanding	
Phragmites	front	and	experienced	frequent	
inundation	and	saturated	soils	(Figure	3).	
Figure 1. Map of Crane Creek in Ottawa National Wildlife Refuge showing location of the ten 50-m 
blocks of Phragmites. 




We	applied	 the	cutting	 treatment	 in	June	
2003	(Figure	4)	by	mowing	the	Phragmites	
just	 above	 ground	 level	 with	 motorized,	
steel-blade	 brush	 cutters.	 In	 the	 raked	
plots,	we	moved	Phragmites	stems	outside	
of	the	plot	boundaries	after	cutting,	using	
1.5	 m-wide	 aluminum	 rakes.	 In	 August	
2003	 following	 cutting	 and	 raking,	 we	
hand-sprayed	 live	 Phragmites	 plants	 in	
designated	plots	with	glyphosate	 (Figure	
4).	We	 applied	 treatments,	 singly	 and	 in	




Figure 2. Representative plots in June 2003 prior to secondary treatments illustrating stands of dead 
Phragmites overstory with new Phragmites growth underneath. Photo by D. Wilcox.
Figure 3. Schematic plot (left) and block (right) diagrams, drawn to scale and illustrating experimental design. Plot contains soil and quadrat sampling loca-
tions, determined in relation to the lakeward Phragmites edge. The upper zone refers to the zone of established Phragmites. The middle zone represents the 
zone of the expanding Phragmites front. The lower zone is the area free of Phragmites. Shoreline in this diagram is arbitrary, as lake levels fluctuated over the 
study period. Two of the ten blocks are shown with plots within blocks and treatments randomly assigned to each plot (NST = no secondary treatment, CR 
= cutting and raking, CS = cutting followed by hand-spraying, CRS = cutting and raking followed by hand-spraying).







and	 five-percent	 intervals	 were	 used	 for	
values	greater	than	10	percent.	Plants	were	
identified	to	species.	All	taxonomy	in	this	
study	 follows	 Flora	 of	 North	 American	
Editorial	Committee	(1993+).
Soil and Seedbank Methods
To	ascertain	pre-existing	soil	and	seedbank	
conditions	 that	 might	 affect	 treatment	
results,	 we	 collected	 soil	 samples	 prior	
to	 treatments	 between	 the	 two	 quadrats	
at	 each	 topographic	 zone	 within	 plots	
(Figures	 3,	 4).	 We	 collected	 the	 top	 7	
cm	 of	 soil	 using	 an	 aluminum	 cylinder	







Airtight	 soil-chemistry	 samples	were	 re-
frigerated	and	sent	moist	to	the	Michigan	
State	 University	 Soil	 and	 Plant	 Nutrient	
Lab	(East	Lansing,	MI),	where	they	were	
processed	 for	 pH,	 potassium,	 calcium,	
magnesium,	nitrate-N,	ammonium-N,	and	

















each	 plot	 over	 potting	 soil	 4-5	 cm	 deep	
in	rectangular	containers	(25.4	cm	×	12.7	
cm	×	 6.4	 cm).	A	flow-through	 irrigation	
system	was	 built	 in	 a	 climate-controlled	
greenhouse	 (15-30	 °C),	 and	water	 levels	





We	calculated	 seedbank	 species	 richness	



















(Maceina	et	 al.	1994;	Littell	 et	 al.	1996;	
Bonate	 2000;	 Aldworth	 and	 Hoffman	
2002;	 Federer	 and	 Meredith	 2005).	 We	




effectiveness	 indicators	 consisted	 of	 the	
following	dependent	variables:	field	spe-







zone	 were	 analyzed,	 respectively.	 We	
calculated	 relative	 dominance	 of	 non-
Phragmites	 taxa	 and	 live	Phragmites	 as	
the	mean	 percent	 cover	 of	 an	 individual	
taxon.	We	computed	species	richness	per	
square	 meter	 by	 arithmetic	 average.	We	


















sampled	 sufficient	 numbers	 of	 stands	 to	
reflect	actual	spatial	variation	(Bennington	
and	Thayne	1994;	Newman	et	al.	1997).	
The	 five	 specific	 treatments	 of	 interest	
(C,	CR,	CS,	CRS,	and	NST),	topographic	
zone	(upper,	middle,	lower),	and	year	(1,	
2)	 were	 specified	 and,	 therefore,	 were	
fixed	effects.
We	 performed	 two	 types	 of	 analyses.	
Analysis	 Type	A	 tested	 effects	 of	 time,	
where	 topographic	 zones	 were	 analyzed	
Figure 4. Schematic timeline of treatments and sampling.









of	 freedom	 for	 all	 sources	 of	 variation	
except	 block	 and	 block	 ×	 treatment,	 for	
which	PROC	GLM	was	used	(Littell	et	al.	
1996).	The	mixed	model	(PROC	MIXED)	
allowed	 for	 the	 correct	 incorporation	 of	
fixed	 and	 random	 effects	 for	 the	 split-
plot	design,	and	the	linear	model	(PROC	
GLM)	allowed	block	to	be	tested	against	





the	 correlation	 matrix	 to	 reduce	 dimen-
sionality.	We	used	the	first	three	principal	
components	as	a	guide	to	define	four	new	
variables	 that	were	used	 as	 covariates	 in	
the	ANCOVAs,	along	with	pre-treatment	











nia dubia	 (L.)	 Pennell,	 and	 Penthorum 
sedoides L.	 (Table	 1).	 Cyperus	 species	
also	were	common,	and	most	species	were	




site	 (Table	2).	The	first	 three	axes	 in	 the	
PCA	 accounted	 for	 48.4%,	 17.9%,	 and	
13.5%	of	variance	 in	 soils	and	seedbank	
data.	PCA	factor	1	primarily	represented	
the	 chemical	 soil	 properties	 (pH,	 Olsen	
P,	K,	Mg,	Ca).	As	such,	the	standardized	
values	were	combined	into	a	soil-chemistry	
covariate.	 The	 standardized	 greenhouse	







1	 (Table	2).	To	 separate	 the	 influence	of	
nitrogen	and	physical	soil	properties	on	the	
effectiveness	indicators,	we	generated	one	








or	 live	Phragmites was	 observed	 within	
topographic	 zones	 (Table	 5).	 Coinciden-
tally,	 seedbank	 was	 significantly	 related	
to	 live	Phragmites cover	across	zones	 in	
Year	2	(Table	6).
Nitrogen	 concentration	 in	 soils	 had	 no	







dominance	 of	 non-Phragmites taxa	 but	
only	in	the	middle	zone	(Table	5).	Effects	
of	 soil	 chemistry	on	Phragmites	 or	 non-
Phragmites	 taxa	 were	 only	 detected	 in	
Year	1	(Table	6).
Importance Value
Taxon SB YR0 YR1 YR2
Ammannia robusta 24.84 – 2.17 –
Bidens cernua 0.75 – 7.26 –
Cyperus erythrorhizos 11.42 – 1.26 –
Cyperus odoratus 
     and Cyperus strigosus 11.20 – 5.97 –
Eleocharis acicularis 38.97 11.93 14.49 –
Lindernia dubia 11.53 – 3.21 –
Ludwigia alternifolia 7.86 – 0.67 0.23
Ludwigia palustris 5.28 – 5.11 –
Penthorum sedoides 17.06 – 3.04 –
Phalaris arundinacea – – – 9.63
Phragmites australis 5.55 19.93 34.21 47.51
Phragmites australis , dead – 75.42 14.63 11.46
Polygonum lapathifolium 7.14 5.77 1.44 –
Potamogeton crispus – 5.86 1.17 3.00
Potamogeton nodosus – 12.76 8.49 11.89
Ricciocarpos natans 5.96 – – –
Sagittaria latifolia 1.97 6.06 11.65 17.60
Spirodela polyrhiza – 1.64 1.99 6.44
Typha angustifolia 7.65 16.98 20.94 24.42
Table 1. Importance values (IV) across all plots and elevations for the more common species (i.e., those 
with an IV > 5.0 in at least one sampling period) observed in the seedbank study (SB), pre-treatment 
field sampling (YR0), and post-treatment field sampling in Year 1 (YR1) and Year 2 (YR2). IV was 
calculated as the sum of relative frequency and either relative density (SB) or relative dominance (YR0, 
YR1, and YR2). Nomenclature follows Flora of North America Editorial Committee (1993+).
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Factor 1 Factor 2 Factor 3
Loadings Loadings Loadings
Chemical properties
pH 7.7 (0.02) 6.6 - 8.1 0.32 0.15 -0.19
Olsen P (ȝg cm-3) 15 (0.49) 3 - 30 0.39 0.14 -0.01
K+ (ȝg cm-3) 76 (3.30) 9 - 250 0.39 0.11 -0.13
Mg2+ (ȝg cm-3) 278 (7.40) 72 - 597 0.39 -0.02 -0.13
Ca2+ (ȝg cm-3) 2501 (54.00) 492 - 4152 0.42 -0.04 0.08
NO3–N (ȝg cm-3) 2.63 (0.18) 0.07 - 14.8 -0.18 -0.07 0.62
NH4–N (ȝg cm-3) 7.99 (0.44) 1.01 - 36.2 0.01 -0.25 0.38
Physical properties
Bulk density (g cm-3) 0.87 (0.02) 0.2 - 1.75 0.33 -0.12 0.43
Organic matter (g g-1) 0.91 (0.00) 0.58 - 0.98 0.34 -0.15 0.33
Seedbank
Species richness (plot-1) 7.7 (0.36) 0 - 17 -0.05 0.65 0.22
Stem density (stems m-2) 2145 (189) 0 - 10695 -0.01 0.65 0.22
MeanVariable Range
Table 2. Mean (±SEM), range, and factor loadings for PCA axes 1, 2, and 3 across all plots (n = 150) for chemical and physical soil properties and seed-
bank data.
Field Net Field Field
Species Species Species Species
df Richness Emerged Richness Richness
Covariates









Soil Chemistry 1 0.29 4.43 * 4.44 6.00 * 3.56 16.32 **
Seedbank 1 0.12 5.20 * 0.90 1.51 0.45 0.42
SOM and bulk density 1 0.64 5.66 * 2.90 5.25 2.79 7.75 **
Block 9 3.39 **    3.55 **      3.19 ** 4.28 *** 3.13 ** 3.13 **
Treatment 4 6.58 *** 3.08*    3.44 * 2.43 0.55 1.13
Block × treatment 36 1.10 1.00 1.03 2.22 ** 0.75 2.57 **
i 1 0 0 26 * 0 6 44 1 *** 0 0 4 4 ***T me . 7 5.  .5 . 7 . 7 7. 5
Time × treatment 4 3.32 * 2.33 1.08 1.36 0.86 0.57
Residual MS 0.03 0.02 0.02 0.01 0.04 0.01
Significantly Overall CR**, CRS** CS* - -
different Year 1 CR** CS* - -





Table 3. F-ratios from ANCOVAs of split-plot on randomized complete block design with time as the split plot (Analysis Type A) for field species richness 
and net species emerged from in situ wetland soils. Data were log-transformed. F-ratios for block and treatment were based on plot-level block × treat-
ment interaction. Significance levels are as follows: *** P < 0.001, ** P < 0.01, * P < 0.05. (NST = no secondary treatment, CR = cutting and raking, CS 
= cutting followed by hand-spraying, CRS = cutting and raking followed by hand-spraying.)
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Treatments in Upper Topographic 
Zone
Prior	 to	 secondary	 treatments,	 the	 up-
per	 topographic	 zone	 was	 characterized	
mainly	 by	 standing	 dead	 Phragmites 
(Table	1).	Live	Phragmites	was	common,	
along	 with	 Polygonum lapathifolium	 L.,	
Salix exigua	Nutt.,	Lythrum salicaria	L.,	
Eleocharis erythropoda	 Steudel,	 and	 E. 
acicularis.	Sagittaria latifolia	Willd.	and	
Schoenoplectus tabernaemontani	 (C.	 C.	










etated	 cover.	 Fourteen	months	 following	
treatments,	Phragmites dominated,	and	T. 








was	 greatest	 for	 CRS,	 followed	 closely	
by	CR	(Figure	5A).	CRS	also	showed	the	
least	 live	 Phragmites,	 followed	 by	 CR	
(Figure	 5B).	 Field	 species	 richness	 and	
emergence	were	greatest	in	the	CR	plots,	
followed	 by	 the	CRS	 plots	 (Figures	 5C,	
5D).	CR	and	CRS	also	showed	significant	
differences	 from	 no-secondary	 treatment	
(NST)	in	post-hoc	 tests	for	all	 indicators	
except	Phragmites.
Although	 treatment	 success	 into	Year	 2	
was	 limited,	 CRS	 was	 most	 effective.	
CRS	 plots	 had	 greater	 species	 richness,	
species	 emergence,	 and	 non-Phragmites 
taxa	dominance,	and	lower	live	Phragmites	















Treatments in Middle Topographic 
Zone




Poiret,	 Lemna minor	 L.,	 Nelumbo lutea	
Field Net Field Net
Species Species Species Species
df Richness Emerged Richness Emerged
Covariates
Pre-treatment 1      44.98*** -  17.77*** -
Soil Chemistry 1 0.26      14.24***    8.64**    8.52**
Seedbank 1 0.38 3.45 1.08     12.61***
SOM and bulk density 1 0.01     15.19***  13.01***     15.53***
Block 9    2.38*     3.83**    6.18*** 2.50*
Treatment 4    3.50*   3.18*    3.55* 1.12
Block × treatment 36 0.99 1.11 0.52 0.98
Topographic zone 2 0.12      5.44** 1.89      6.67**
Topographic zone × treatment 8   2.28*      2.74** 0.88 1.01
Residual MS 89 0.04 0.02 0.03 0.02
Significantly CR**, CRS* CR* - -
different CR**, CRS* CR** - CRS*
from NST - CR*,CS** - -
- - - -Lower





Table 4. F-ratios from ANCOVAs of split-plot on randomized complete block design with topographic zone as the split plot (Analysis Type B) for field 
species richness and net species emerged from in situ wetland soils. Data were log-transformed. F-ratios for block and treatment were based on plot-level 
block × treatment interaction. Significance levels are as follows: *** P < 0.001, ** P < 0.01, * P < 0.05. (NST = no secondary treatment, CR = cutting and 
raking, CS = cutting followed by hand-spraying, CRS = cutting and raking followed by hand-spraying.)
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Willd.)	were	prevalent.	Two	months	after	
treatments,	S. latifolia	and	T. angustifolia	
were	 co-dominant	 with	 Phragmites.	 As	
water	levels	receded	in	summer	and	soils	
were	 exposed,	mudflat	 plants	 such	 as	E. 
acicularis,	B. cernua,	P. punctatum,	L. du-
bia,	and	N. palustris	were	common.	Also,	
submersed	(e.g.,	Ceratophyllum demersum 
L.)	 and	floating	 (e.g.,	P. nodosus) plants	
were	present.	Fourteen	months	after	treat-
ments,	S. latifolia and T. angustifolia	still	





taxa	 (Figure	 6A);	 however,	 none	 was	
significantly	 different	 from	NST	 in	Year	
1	 (Tables	5,	 6).	The	greatest	 decrease	 in	





effective	 at	 increasing	 species	 richness	
and	 species	 emergence,	 followed	 by	CR	
(Figures	6C,	6D).	Significant	differences	
were	 observed:	 (1)	 between	 NST	 and	








differences	 were	 detected	 between	 CRS	
and	NST	 for	 relative	dominance	of	non-
Phragmites	 taxa	 and	 live	 Phragmites	
(Tables	5,	6).
Treatments in Lower Topographic 
Zone
P. nodosus and	T. angustifolia continually	
were	 dominant	 in	 the	 lower	 zone	 (Table	
1).	Additionally,	Potamogeton crispus	L.	
and N. lutea	were	common	prior	to	treat-





the	 substrate	 in	 the	 lower	zone	was	 sub-
mersed	 for	much	of	 the	growing	season.	
The	 effectiveness	 indicators	 that	 passed	






Site	 hydrology	 is	 an	 important	 con-
sideration	 when	 designing	 secondary	
treatment	 strategies	 to	 promote	 species	
establishment	 in	 Phragmites-dominated	
areas	where	control	efforts	are	underway.	
Non-Phragmites Live Non-Phragmites Live
df Taxa Phragmites Taxa Phragmites
Covariates
Pre-treatment 1    7.12* 0.27 1.31      21.15***
Soil Chemistry 1 3.38 5.75*   6.18*    12.11**
Seedbank 1 0.01 0.01 0.04 0.08
SOM and bulk density 1 3.89     8.35** 2.94   7.92*
Block 9      3.06**       4.39***     3.97**   2.76*
Treatment 4    3.43* 0.75   3.65* 2.51
Block × treatment 36 1.64 0.77 0.79 0.54
Time 1       17.58***      47.24*** 3.9      12.47***
Time × treatment 4 1.69 0.53 1.42 0.49
Residual MS 0.10 0.24 0.15 0.31
Significantly CR*, CRS** - CRS* CRS*
different CR**, CRS** - - -
from NST - - - -





Relative Dominance Relative Dominance
Table 5. F-ratios from ANCOVAs of split-plot on randomized complete block design with time as the split plot (Analysis Type A) for relative dominance 
of non-Phragmites taxa and live Phragmites derived from field vegetation data. Non-Phragmites taxa data were arcsine-transformed; live Phragmites data 
were log-transformed. F-ratios for block and treatment were based on plot-level block × treatment interaction. Significance levels are as follows: *** P 
< 0.001, ** P < 0.01, * P < 0.05. (NST = no secondary treatment, CR = cutting and raking, CS = cutting followed by hand-spraying, CRS = cutting and 
raking followed by hand-spraying.) 





determines	 effectiveness	 of	 secondary	
control	 measures,	 as	 evidenced	 by	 dif-





At	 the	 same	 time,	 inundation	 can	 be	 an	
invitation	for	other	flood-tolerant	invasive	
plants,	such	as	Typha (Kercher	and	Zedler	





levels	 and	 elevated	 nutrients	 (Miao	 and	
Sklar	1998;	Newman	et	al.	1998;	Woo	and	
Zedler	2002;	Wilcox	et	al.	2008).
In	 higher,	 drier	 areas	 where	Phragmites	
stands	were	well	established	prior	to	aerial	
spray	(upper	zone),	standing	dead	biomass	








ter	 production	 and	 retention	 even	where	







herbicide	 application	 following	 cutting	
was	 more	 critical	 than	 litter	 removal	
(Figure	6).	Here,	the	Phragmites	front	was	
expanding,	 likely	 by	 clonal	 integration,	
where	parts	of	a	clone	in	a	favorable	area	
support	 parts	 in	 less	 favorable	 environ-
ments	(Amsberry	et	al.	2000).	Initial	dead	
Phragmites biomass	 levels	 were	 lower,	
and	 cut	 debris	 was	 carried	 away	 from	
the	area	by	water-assisted	transport	(pers.	
observation).	However,	more	importantly,	









Herbicide	 application	 in	 the	 upper	 and	
middle	zones	further	stunted	the	ability	of	
Phragmites	 to	 expand	 by	 clonal	 integra-
tion,	 thereby	 allowing	 for	 establishment	
of	other	species.
In	 areas	 that	 were	 submersed	 regularly	
(lower	zone),	treatments	had	little	observ-
able	effect	(Table	3).	The	deeper	zones	had	
Non-Phragmites Live Non-Phragmites Live
df Taxa Phragmites Taxa Phragmites
Covariates
Pre-treatment 1         41.54***      7.48**    5.65*      14.97***
Soil Chemistry 1          31.63***      21.52*** 0.30 1.70
Seedbank 1 0.01 0.71    4.29*    6.95*
SOM and bulk density 1      15.29***      19.45***      8.37** 0.26
Block 9 1.02      3.77** 0.74 0.83
Treatment 4 2.14 0.37      5.19**    3.87*
Block × treatment 36 0.81 0.66 0.88 1.20
Topographic zone 2 0.16      17.26***      23.98***    100.25***
Topographic zone × treatment 8 1.55 0.96 0.89 0.63
Residual MS 88 0.18 0.32 0.10 0.10
Significantly CR*, CRS* - CRS** CRS**
different CR*, CRS* - - -
from NST - - CRS* CRS**
- - - -Lower





Relative Dominance Relative Dominance
Table 6. F-ratios from ANCOVAs of split-plot on randomized complete block design with topographic zone as the split plot (Analysis Type B) for rela-
tive dominance of non-Phragmites taxa and live Phragmites derived from field vegetation data. Non-Phragmites taxa data were arcsine-transformed; live 
Phragmites data were log-transformed. F-ratios for block and treatment were based on plot-level block × treatment interaction. Significance levels are as 
follows: *** P < 0.001, ** P < 0.01, * P < 0.05. (NST = no secondary treatment, CR = cutting and raking, CS = cutting followed by hand-spraying, CRS 
= cutting and raking followed by hand-spraying.)




























species	 establishment	 may	 provide	 eco-
logically	mediated	 control	 (Amsberry	 et	
al.	2000).
Managing	 for	 certain	 life-history	 traits	
might	 be	 important	 as	 well,	 depending	
on	 site	 hydrology	 and	 seedbank	 char-
acteristics.	 A	 viable	 seedbank	 increases	














Figure 5. Means plots of effectiveness indicators at the upper topographic zone (YR0 = pre-treatment condition, YR1 = two months after treatments, YR2 = 
fourteen months after treatments). Error bars represent SEM.





















the	 newly	 emerged	 species;	 augmenting	
the	 seedbank	 also	 might	 help	 maintain	
diversity	 (Perry	 and	 Galatowitsch	 2003;	
Simmons	 2005).	 Furthermore,	 ensuring	
that	 another	 invasive	 species,	 such	 as	P. 















within	 ecosystems	 dominated	 by	Phrag-
mites	(Windham	and	Meyerson	2003),	and	
nitrogen	flux	rates	are	more	descriptive	of	





species	 emergence	 and	 non-Phragmites 
dominance	 and	 negatively	 affected	 live	
Phragmites	cover,	suggesting	that	nutrient	
management	may	be	beneficial.
Figure 6. Means plots of each effectiveness indicator at the middle topographic zone (YR0 = pre-treatment condition, YR1 = two months after treatments, 
YR2 = fourteen months after treatments). Error bars represent SEM.
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Implications for Phragmites Control
Our	 primary	 objective	 was	 to	 promote	
species	establishment	and	enhance	growth	
of	 native	 flora.	 Decreasing	 Phragmites 
cover	 can	 lead	 to	 a	 more	 diverse	 com-
munity	 through	 interspecific	competition	















Whereas	 managing	 for	 optimal	 species	
richness	depends	on	water	level,	control-
ling	for	Phragmites	alone	is	less	dependent	
across	 water	 levels	 encountered	 in	 this	
study.	 Phragmites spreads	 vegetatively	
into	 deeper	 water	 (Cross	 and	 Flemming	
1989;	Amsberry	et	al.	2000)	and	is	toler-
ant	of	fluctuating	water	levels	(Chambers	
et	 al.	 2003;	 Pagter	 et	 al.	 2005;	White	 et	
al.	 2007).	As	 such,	degree	of	hydrologic	
inundation	 did	 not	 affect	 treatments	 for	
live	Phragmites	differentially	in	our	study	
(Table	6).
Implications for Species 
Establishment
To	 promote	 a	 diverse	 plant	 community,	
early	 attention	 to	 Phragmites control	 is	
important	 (Kowalski	 and	 Wilcox	 1999;	


























as	 stems	 are	 cut	 before	 plants	 allocate	
resources	 to	 rhizome	 storage	 (Buttler	
1992;	Karunaratne	et	al.	2004;	Asaeda	et	
al.	2006).	In	areas	of	saturated	soil	where	
Phragmites	 expansion	 is	 occurring,	 lit-
ter	 removal	 is	 not	 as	 critical	 for	 species	
establishment	 (Table	 3).	 Rather,	 natural	
water	 transport	 by	 wave	 action	 of	 cut	
stems	 away	 from	 the	 area	 of	 restoration	
can	be	utilized.	However,	limiting	transport	




the	 end	 of	 the	 growing	 season	 has	 the	




an	 optimal	 increase	 in	 wetland	 species	
in	 the	 following	year	 (Figures	5,	 6).	For	
large-scale	 restoration,	 a	 Marsh	 Master	
(Coast	 Machinery,	 Inc.,	 Baton	 Rouge,	
LA)	or	similar	high-flotation	vehicle	can	
be	 used	 to	 apply	 these	 treatments	 more	
efficiently.
Total	Phragmites	 eradication	may	 be	 an	
unrealistic	goal	in	wetlands	(Marks	et	al.	
1994).	Despite	this,	promoting	native	spe-
cies	 establishment	 and	 richness,	 through	
management,	 is	 achievable.	Welch	 et	 al.	
(2006)	observed	 increased	diversity	with	
both	 reduced	 and	 increased	 Phragmites 
abundance,	suggesting	that	greater	species	
richness	can	be	achieved	despite	the	level	
of	Phragmites	 dominance,	 provided	 that	
Phragmites does	not	limit	light	availability	
(Haslam	 1972;	 Güsewell	 and	 Edwards	
1999)	 or	 ecologically	 engineer	 the	 site	
(Minchinton	et	al.	2006).	If	the	goal	is	to	
maintain	 diversity	 rather	 than	 eradicate	
Phragmites,	 cutting	 or	 cutting	 and	 litter	
removal	may	be	sufficient	for	a	few	years	
following	 aerial	 spray	 and	 initial	 CRS	
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Life Wetland
Taxon Historya Statusb Habitc Origind SB YR0 YR1 YR2
Alisma triviale  Pursh P OBL F/H N 0.15 – 0.93 –
Ammannia robusta  Heer & Regel A NI F/H N 24.84 – 2.17 –
Bidens cernua  L. A OBL F/H N 0.75 – 7.26 –
Bidens  sp. L. A – F/H N – 1.43 – –
Bolboschoenus fluviatilis (Torrey) Soják P OBL G N – 1.72 3.05 4.38
Butomus umbellatus  L. P OBL F/H I – – 0.74 0.98
Calystegia sepium  (L.) R. Br. P FAC V, F/H N – 0.60 0.15 –
Ceratophyllum demersum  L. P OBL F/H N – – 4.46 3.20
Cirsium arvense  (L.) Scopoli P FACU F/H I – 1.72 0.16 3.19
Cyperus diandrus  Torrey 
and Cyperus bipartitus  Torrey A FACW+ G N 4.93 – 1.60 –
Cyperus erythrorhizos  Muhlenberg A or P OBL G N 11.42 – 1.26 –
Cyperus odoratus  L. and Cyperus
strigosus L. A or P FACW+/FACW G N 11.20 – 5.97 –
Cyperus  spp. L. A or P – G N 6.41 0.85 0.15 –
Echinochloa crusgalli  (L.) P. Beauv. A FACW G I 0.90 – 1.54 –
Echinochloa walteri  (Pursh) A. Heller A OBL G N 0.92 – 1.97 2.54
Eleocharis acicularis  (L.) Roemer
& Schultes A or P OBL G N 38.97 11.93 14.49 –
Eleocharis erythropoda  Steudel P OBL G N 0.48 3.58 2.37 0.26
Eleocharis obtusa  (Willd.) Schultes A or P OBL G N 2.79 – 1.65 1.95
Eleocharis palustris  (L.) Roemer
& Schultes P OBL G N – – 1.39 0.66
Epilobium ciliatum  Raf. P FACU F/H N 0.60 – – –
Epilobium coloratum  Spreng. P OBL F/H N – – 0.62 –
Eragrostis hypnoides (Lam.) Britton, 
Sterns & Poggenb. A OBL G N 1.21 – – –
Eupatorium perfoliatum L. P FACW+ F/H N – 2.71 0.18 1.33
filamentous algae – – – – – – – 4.49
MacMillan A or P OBL F/H N 2.14 – 1.19 0.24
Impatiens capensis Meerb. A FACW F/H N – – – 0.95
aLife History: A = annual, B = biennial, P = perennial. 
bWetland indicator status (Reed 1988): OBL = obligate wetland, FACW = facultative wetland, FAC = facultative; 
cHabit: F/H = forb/herb, G = graminoid, T = tree, V = vine, S = shrub, SS = subshrub. 
dOrigin: N = native, I = introduced. Habit and origin were determined according to USDA (2007).
Importance Value
Continued
FACU = faculative upland, NI= no indicator, + and - signs indicate tendency toward higher and lower ends 
of the category.
Appendix. Importance values (IV), life history, wetland status, habit, and origin of the more common species (i.e., those with an IV > 0.6 in at least one sam-
pling period) observed in the seedbank study (SB), pre-treatment field sampling (YR0), and post-treatment field sampling in Year 1 (YR 1) and Year 2 (YR2). 
IV was calculated as the sum of relative frequency and either relative density (SB) or relative dominance (YR0, YR1, and YR2). Nomenclature follows Flora 
of North America Editorial Committee (1993+).
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Life Wetland
Taxon Historya Statusb Habitc Origind SB YR0 YR1 YR2
Juncus canadensis J. Gay P OBL G N – – – 1.70
Juncus gerardii Loiseleur–Deslongchamps P OBL G N – – – 2.09
Juncus  spp. L. P – G N 0.77 – – –
Lactuca serriola  L. var. integrata A or B FAC F/H I 0.72 – 0.81 3.29
Leersia oryzoides  (L.) Sw. P OBL G N 2.61 0.99 2.86 2.25
Lemna minor  L. P OBL F/H N – 4.33 3.32 4.11
Lindernia dubia  (L.) Pennell A or B OBL F/H N 11.53 – 3.21 –
Ludwigia alternifolia  L. P OBL F/H N 7.86 – 0.67 0.23
Ludwigia palustris  (L.) Elliott P OBL F/H N 5.28 – 5.11 –
Lycopus americanus  Muhl. ex
W.P.C. Barton P OBL F/H N – 0.29 0.88 0.53
Lycopus uniflorus  Michx. P OBL F/H N 2.53 – – 1.00
Lythrum salicaria  L. P OBL SS, F/H I – 2.90 – –
Mimulus ringens  L. P OBL F/H N – – 0.99 –
Myriophyllum sibiricum  Kom. P NI F/H N – – 1.14 –
Najas flexilis  (Willd.) Rostkovius & 
W. L. E. Schmidt A OBL F/H N – – 1.02 –
Najas minor  Allioni A OBL F/H I – – 0.61 –
Nelumbo lutea  Willd. P OBL F/H N – 3.49 3.70 –
Panicum dichotomiflorum Michx. A FACW– G N 0.82 – 0.15 –
Penthorum sedoides L. P OBL F/H N 17.06 – 3.04 –
Phalaris arundinacea L. P FACW+ G N – – – 9.63
Phragmites australis (Cav.) Trin.
ex Steud. P FACW+ SS, S, G I 5.55 19.93 34.21 47.51
Phragmites australis , dead – – – – – 75.42 14.63 11.46
Polygonum lapathifolium  L. A FACW+ F/H N 7.14 5.77 1.44 –
Polygonum pensylvanicum  L. A FACW+ F/H N 0.59 – 0.76 –
Polygonum persicaria  L. A or P FACW F/H I 0.61 – 0.46 1.49
Polygonum punctatum  Buch.–Ham. ex D. D A or P OBL F/H N 1.71 – 4.55 3.95
Polygonum  spp. L. A or P – F/H – 1.87 1.54 – –
Pontederia cordata  L. P OBL F/H N – 0.29 0.16 0.70
Potamogeton crispus  L. P OBL F/H I – 5.86 1.17 3.00
Potamogeton nodosus Poiret P OBL F/H N – 12.76 8.49 11.89
Potamogeton pectinatus L. P OBL F/H N – 2.10 3.12 0.71
Potamogeton sp. L. P – F/H – – 3.26 0.45 –
aLife History: A = annual, B = biennial, P = perennial. 
bWetland indicator status (Reed 1988): OBL = obligate wetland, FACW = facultative wetland, FAC = facultative; 
cHabit: F/H = forb/herb, G = graminoid, T = tree, V = vine, S = shrub, SS = subshrub. 
dOrigin: N = native, I = introduced. Habit and origin were determined according to USDA (2007).
Importance Value
Continued
FACU = faculative upland, NI= no indicator, + and - signs indicate tendency toward higher and lower ends 
of the category.
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Life Wetland
Taxon Historya Statusb Habitc Origind SB YR0 YR1 YR2
Potamogeton foliosus Rafinesque P OBL F/H N – – 0.88 0.46
Ricciocarpos natans (L.) Corda – – NV N 5.96 – – –
Rorippa palustris (L.) Besser A, B, or P OBL F/H N 2.87 0.57 1.47 –
Rosa palustris Marshall P OBL SS N – – 0.16 4.20
Sagittaria latifolia  Willd. P OBL F/H N 1.97 6.06 11.65 17.60
Salix exigua  Nutt. P FACW+ T, S N – 3.67 1.53 1.35
Schoenoplectus tabernaemontani  (C. C. Gm P OBL G N 0.68 1.54 1.88 1.28
Scirpus cyperinus  (L.) Kunth P OBL G N – – 0.18 0.72
Sparganium eurycarpum  Engelmann P OBL F/H N – 0.62 1.27 0.47
Spirodela polyrhiza (L.) Schleid. P OBL F/H N – 1.64 1.99 6.44
Triadenum fraseri (Spach) Gleason P OBL F/H N 0.74 – – –
Trifolium pratense L. B or P FACU+ F/H I – – 0.15 2.41
Typha angustifolia L. P OBL F/H I 7.65 16.98 20.94 24.42
Typha  spp., dead P OBL F/H – – – 0.61 5.30
Typha  ×glauca P OBL F/H – – – 0.34 0.82
Verbena hastata  L. B or P FACW+ F/H N 0.60 – 0.16 0.23
aLife History: A = annual, B = biennial, P = perennial. 
bWetland indicator status (Reed 1988): OBL = obligate wetland, FACW = facultative wetland, FAC = facultative; 
cHabit: F/H = forb/herb, G = graminoid, T = tree, V = vine, S = shrub, SS = subshrub. 
dOrigin: N = native, I = introduced. Habit and origin were determined according to USDA (2007).
Importance Value
FACU = faculative upland, NI= no indicator, + and - signs indicate tendency toward higher and lower ends 
of the category.
